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[571 .‘ ABSTRACT

An electrical demand limiting system is disclosed in

which a DC signal proportional to the total power de-

mand averaged for a given interval of time is com-
pared with a plurality of preselected demand limits.
Each demand himit is a percentage of the total permis-
sible power demand. A plurality of loads are sequen-
tially switched from each of the demand set points
over a predetermined time period. |

_.29 Claims, 13 Drawing Figilres
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| |
ELECTRICAL DEMAND LIMITING SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention |
This invention relates, in general to a power demand

limiting system. More particularly, it relates to an elec-
trical power demand limiting system in which the elec-
trical power demand of a multi load consumer is lim-
ited by determining the instantaneous integrated power
demand and shedding loads when the demand exceeds
a permissible demand over a demand period. Different

loads are shed in accordance with preselected set
points which represent percentages of the permissible
demand limit. The set points associated with each load
are changed for each demand period so that the loads
are not always shed in the same order.

~ Utilities generally bill large electrical consumers on

a peak demand billing system in which the peak power
demand 1s determined over a given time period. Typi-
cally the peak power demand is measured by the utility
on a 15 or 30 minute interval. The utilities desire to
supply even and predictable loads. To encourage the
consumer not to make peak demands which are greatly
in excess of this normal demands the utilities penalize
the consumer for his peak demands. Typically, this is
~done by establishing a minimum demand which is, for

~ example 75 percent of the highest peak demand during

- any measurement interval during a number of previous

billing periods. The consumer must then pay for the
minimum demand whether he uses it or not. Thus, it is

financially advantageous for a consumer to avoid peaks

3,362,430 L.
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80 that he need only pay the lowest demand charge his

system can tolerate. Additionally, with the present en-
‘ergy crisis, it is beneficial to all consumers if loads may
be equalized to make the best use of energy and the
—available generation and transmission facilities.

of which is to determme what the electrical demdnd of
the system is. This 18 accompllshed by a power con-

sumption measuring means which converts the instan-
taneous power consumption of the loads into a signal
proportional thereto. In the preferred embodiment this
is accomplished by measuring the power consumption
and generating a pulsed output signal whose time pe-
riod or duration is proportional to the total power con-
sumption of the various loads during a fixed demand
period. This pulsed output signal is then converted to

‘a DC voltage signal whose voltage level is proportional

to the instantaneous integrated or averaged power con-
sumed by the various loads. This voltage signal is com-
pared to a plurality of set points each representing a
percentage of the predetermined demand limit. Each of
these demand limits or set points is connected through
a switching means to a plurality of load relays. If the
power demand exceeds any of the predetermined set
points, the load relay connected to that particular set
point operates and the load is disconnected from the
circuit in an attempt to maintain the power demand

below the predetermined maximum. If the power de-

mand continues to increase, this procedure is repeated
at each successive set point, until all the preselected
loads are disconnected from the system.

Two modes of operation and separate embodiments.

therefor are illustrated. In the first, the instantaneous

demand 1s integrated over a predetermined time pe-
riod. The outputs are scaled to, (in effect) cause a divi-
sion by said measurement period. Thus, voltage signals

will steadily increase and loads will only by discon-

nected near the end of said measurement period if the
demand warrants. In the second emdodiment the inte-

| grated demand is divided by the time from the begin-

33

It is therefore an object of this invention to provide

a system for llmltmg the power demand peaks of a cus-
tomer. . | | -

- Itis also an object of thlS mventlon to determme the
“integrated or averaged power demand of a systerh and

determine from this value whether or not the consumer
will exceed the predetermined demand level during the

measuring time interval or demand period.

It is a further object to sequentially program the con-
nection and disconnection of the consumer’s various
‘selected electrical loads to maintain the electrical
power demand below the maximum permissible de-
mand level in such a manner that the first load discon-
nected from the system during a prior time interval or
damand period has a higher priority to remain con-
nected during the next time interval.

SUMMARY OF THE INVENTION

The features and objectives of the present invention
are achieved in a demand limiting system connected to
a plurality of loads in which no predetermined priority
is given to any load. Instead each load is advanced at
the end of each demand period so that during a prede-
termined time period, for example, 2 or 3 hours, each

load 1s advanced through various set points, each of

which represents a percentage of the demand limit
which if reached will result in the disconnection of that
load. |

- The determination of whether or not any loads are to
- be disconnected to maintain the demand below the pre-
set maximum is accomplished in several steps, the first

40 ment at the beginning of the measurement period indi-

ning of the predetermined time period up to the time -
of measurement, thereby resulting in a DC voltage

which is an averaged demand. This will result in loads.
- being disconnected whenever this averaged demand

exceeds the permissible limit. Thus, if the first measure-.

cates excessive demand, one or more loads are immedi-

- ately disconnected. In this mode it is possxble that the

45

- DC voltage will then diop below the permissible limits

at the set points. Thus, means are also provided to re-
connect the loads, should this occur. These means for
reconnection include a delay to avoid oscillations when
the DC voltage varies small amounts close to a set.

| point.
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Also provided within the system is a means for
switching the various loads to different set points on a
predetermined time schedule. By this procedure, as an
example, a-load connected to an 80 percent set point
and thus programmed to be disconnected from the cir-
cuit when 80 percent of the peak demand was reached
may be switched to another set point and disconnected
upon the occurrence of 100 percent of the peak de-
mand. Similarly, each of the other loads are progres-
stvely advanced over a fixed or predetermined time pe-
riod from 100 percent of the permissible demand up to
and including 80 percent of the permissible demand.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention, as well as its objects and features will
be better understood by reference to the following de-
tailed description of the preferred embodiment of this
invention taken in conjunction with the accompanying
drawings in which: |



-~ FIG. 1 represents a typi'Cal daily'eliactfical pdwer de-
‘mand curve for a multiple load consumer:

- as an input to the first transdu'celf 21 which transforms

- FIG. 2 is a block diagram of the preferred embodi-

-ment of the invention; -
FIG. 3 is a block diagram of the first transducer cir-
~cuit for transforming a DC signal representing the in-
stantaneous power into a pulse duration signal whose
time period represents the integrated power demand
for a predetermined time period;

~ FIG. 4 represents the curves of the various output sig-
‘nals within the circuits of FIGS. 3 and 5:

FIG. § is a block diagram of the second transducer
circuit for transforming the pulse duration signal into

' ~a voltage signal whose magnitude is proportional to the
- Integrated power demand of the loads;

FIG. 6A is a circuit for determining the. power de-

~ mand averaged from the beginning of the time interval

up to the time when the measurement is made;
- FIG. 6B is'a more detailed schematic of the circuit of

| .'_'_FIG. 6A;

FIGS. 7A '-th'.rough 7F are various embodiments for
-switching the loads through the set points during a pre-
determined time interval. __-

DESCRIPTION OF THE PREFERRED
: EMBODIMENT

_'f_'._-.As.ShoWn in FIG. 1 the magnitude of instantaneous
- - electrical power demand of a typical multiple load con-

- .sumer varies throughout the day and throughout the

o e year.D_uring the winter months the demand for electri-
- cal power for heating and [1ighting is obviously at a max-

imum. Further, in a typical building or complex of
buildings used only during normal working hours, de-
mand peaks may occur in the -early morning hours

- when the building is “waking up” and heating, lighting

~and other electrical appliances are started at the same
time. At other times during the day the demand may

- - not be as great. The present invention controls this de-

- mand by programming the disconnection.and connec-

~ tion of the multiple loads preventing sudden demand

~ peaks above the established permissible maximum,

~which in FIG. 1 may be selected at 1,000 KW,
~FIG. 2 illustrates a preferred embodiment of the in-

. vention. A three phase power supply bus 10, 11 and 12

- has current transformers 13, 14 and 15 and voltage
transformers 16, 17 and 18 connected to each of the
three phases. It is to be understood that while the in-
~vention is described with a three phase electrical power
system, it is equally applicable to a single phase power
supply. |

“In order to operate the demand limiting system of this
invention, it is first necessary to determine the real
- power demand of the loads. This initial signal may be
obtained by many standard instruments such as the out-

~ put signal from a utility meter or from the voltage and

- current transformers 13-18. In this manner, the total
power supplied to the system through the three phases
is thus measured. As shown in FIG. 2, a three phase
- watt transducer 19 is connected to the output of the
'secondary windings of all the voltage and current trans-
formers 13-18. The three phase watt transducer 19
transforms the AC voltage and current signals.into a di-
rect current signal output from transducer 19 on line
20 whose magnitude is proportional to the instanta-
neous power consumed by the multiple loads of the
consumer. This DC output signal (which, for example,
may be a varying current) appears on line 20 and is fed

10

13

20

the DC input signal into a pulsed output signal, the
pulse length of which is proportional to the integral of
the total power consumption of the installation. This
signal is produced within the first transducer 21.

FIG. 3 shows in simplified form a circuit which may
be used to perform the current to pulse length conver-
sion of the first transducer 21. This converts the instan-
tanecous KW analog signal to a pulse length propor-
tional to the integrated kilowatt demand signal. The
DC 1nput signal on line 20 representing the instanta-

neous kilowatt demand is fed through a resistor 101 to

an integrator 103 comprising an operational amplhfier

105 and a capacitor 107 in its feedback path. Across
the capacitor 107 a switch 109 may be connected and

‘used to discharge the capacitor 107 at the end of the

integration of the DC input signal. A clock oscillator
111 has its output connected to the input of a counter
113 which contains sufficient binary stages to provide
an output every 10 seconds at the clock frequency in-
put. The output of counter 113 is connected to a 15
minute counter 115 which provides an output every 15

~ minutes i.e., for every 90 input pulses from counter
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113. Prior to the beginning of each 15 minute integra-
tion period switch 109 will be closed by an output sig-

nal from counter 115, thereby discharging capacitor

197. The integrator 103 will then begin integrating the
DC nput signal on line 20; which represents the instan-
taneous power consumption. The output of integrator
103 represents the time integral of the power consump-
tion. The output of integrator 103 is connected to a -

sample and hold circuit 117 which obtains its sample
input through lead 1174 from the 10 second counter

113. Therefore every 10 seconds, in response to an out- o
put from counter 113, sample and hold circuit 117 will |

sample and hold the output voltage of integrator 103.

This output of the sample and hold circuit 117 is pro-
vided as one input to a comparator 119. The second
input to comparator 119 is from an integrator 121
~whose input is connected through a switch 123 to a

constant voltage source +V. The same 10 second

counter output which causes the sample and hold cir-

cuit 117 to sample and hold the voltage output of inte-
grator 103 is used to set a flip-flop circuit 125 having
its Q output tied to the switch 123 causing it to close -
every 10 seconds and provide the fixed voltage +V as
an input to integrator 121. Integrator 121 is comprised
of an operational amplifier 127 with a capacitor 129 in
its feedback path and a switch 130 across the capacitor
129. Switch 130 is tied to the Q output of fhip-flop cir-
cuit 125 and thus it will be open when switch 123 is
closed permitting integrator 121 to integrate the the
constant voitage +V. Integrator 121 will continue to
integrate until its output equals or exceeds the second
input to comparator 119 at whichpoint a comparator
119 will provide an output to reset flip-flop 125. This
will open switch 123 and close switch 130 discharging
capacitor 129 in preparation for the next 10 second
sample. | |

The pulse length output is provided from the Q out-
put of flip-flop 125 to the relay 22. Since the pulse
starts at the beginning of the integration and ends when -
the output voltage of integrator 121 reaches a value
which is equal to the output voltage of integrator 103,

the length of the pulse output from flip-flop 125 will be

proportional to the time integral of the input power,
1.e., the output of integrator 103 will be ¥ = PaT, where



S

| :_'3;862,430' .

Pa i1s the average power and T, the measurement tlme- -'

with 0 <T, = 15 min. Integrator 121 will have an out-
put V= K,T, where K, =
equals the length of the output pulse. Thus P, T, = K 1 7y
orT,=P,T,/K, and is proportional to the time mtegral
of the power.

The type of signals appearmg at various parts of the
circuit of FIG. 3 are shown in FIG. 4. The first wave
form a represents the output voltage of integrator 103
which is herein shown as a ramp (assuming a constant
mput power) but in actual practice will have variations
in its slope as the input power changes. The next wave
form B represents the output voltage of sample and
hold circuit 117. Each time it samples the output of in-
tegrator 103 the output of circuit 117 increases and re-
mains at that voltage until the next sample. The wave
form shown at C represents the pulsed output from flip-
flop 125. Each of the pulses has a length proportional
- to the amplitude of the ramp from integrator 103 at the
time it was sampled and thus is proportional to the time
integral of the power as described above.

As shown by the curves of FIG. 4, the pulse duration
signal used to operate relay 22, increases over the 15
minute period. In the embodiment, this pulse appears
every 10 seconds through the counter 113. At the end
~ of the 15 minute eyele counter 115 operates switch

109, capacitor 107 is discharged and the integration
cycle repeats for a new 15 minute cycle. It will be rec-
ognized that a 15 minute cycle is used only as an exam-
ple herein and that other cycle lengths may equally well

- be used.

“The pulse output shown as C on FIG. 4 will be pro-
vided out of relay 22 to one or a plurality of transducers

24 as indicated on FIG. 2. This output may be fed di-

rectly over. hard wires or may be used to modulate a.

carrier frequeney signal superlmposed over electrical

distribution wires or transmitted in other conventional
fashion. For example It may be used to modulate a

radio signal and transmitted to one or more receivers
- ‘located at the loads. This manner of pulse length modu-
lation facilitates such transmission and may be used in
other types of systems such as demand systems in which
- loads are always dropped in the same sequence and not

- rotated as described herein. Similarly it may be used to

- provide remote indications of power demand. |
A circuit which may be used for converting the pulse

the constant voltage and T, |

10

15

'-"stant pulse vo]tage Since T2 =P, TI/K 1 V:;

PAI Kng,-
it is pr()porttonal to P,T,. |
The pulse is also prowded through an mverter 139 to

a one shot 145. On the falling edge of the pulee one
shot 145 will fire and its Q output will cause a sample

and hold circuit 143 to begin sampling the output of in-
tegrator 131. At the end of the one shot pulse, sample
and hold circuit 143 will be holding whatever value was.
present at the output of integrator 131 at the time. At
the end of the one shot pulse, its Q output will reset
flip-flop 136. This will close switch 137 discharging ca-
pacitor 135. The output of sample and hold circuit 143
1s then the signal appearing on line 25 of FIG. 5.

The wave forms at various portions of this circuit are
shown in FIG. 4 where, as shown, integrator 131 will
integrate each pulse of increasingly longer duration for

a longer period of time and thus attain a higher output -

- voltage with each pulse. The sample -and hold circuit
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duration modulated output signal from the relay 22 of

FIG. 2 into an analog voltage is shown in FIG. 5. the
input pulse is fed to an integrator 131 comprising an
amplifier 133 and a capacitor 135"in its feedback path.
A switch for discharging the capacitor 135 is connected

In parallel therewith. The input to integrator 131 is also

fed to set a flip-flop 136, the output of which will cause
switch 137 to open when the pulse occurs, thereby per-
mitting integrator 131 to begin its integration. Because
the pulsed output from the relay 22 will be a constant
voltage, the output of integrator 131 will be equal to
this constant voltage times the time of integration or
demand period. The time in turn is determined by the
duration or length of the input pulse. This means that
the final output voltage of integrator 131 at the end of
the input pulse will be a voltage whose magnitude is
proportional to the duration or length of the pulse. As
noted above, the length of the pulse is proportional to
the time integral of the power and thus the final output
voltage 1s also proportional thereto, i.e., V; = T,K,
where V; is the output of integrator 131 and K, the con-

L
S
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143 samples each of these outputs and has a step out-
put veltage Wthh is the final tramducer output, as
shown in wave form E of FIG. 4. ~

Thus the pulse duration output signal of control relay |
22 or other pulse forming means has a signal propor-
tional to the power consumption of the installation. For
example, this signal may be adjusted, as in the embodi-
ment described above, on a scale of 0 to 10 seconds
with 10 seconds representing 100 percent of the power
demand limit. This pulse duration signal is converted
within the second transducer 24 into a voltage signal,

whose magnitude may vary for example from O to 10 |
volts. | o

In some instances, it may be more de51rable to pro- '
vide an output which represents the power lever de- -

mand averaged over a period fmm the begmnmg of the . '

15 minute period up to the time at which the measure-
ment is bemg made, This type of measurement may be

accomplished by utilizing a system by which the power
~demand is integrated during the demand perlod and pe-

riodically divided by the elapsed time to give a signal .

proportional to the instantaneous power demand up to
the time of measurement. Such outputs allow an earlier

prediction as to whether the load limit is to be ex-

ceeded.

One embodiment for producmg such an output ﬂ;Ignal |

is shown in simplified form on FIG. 6A, it being under-

stood that this embodiment is only intended to illus-
trate the invention and not intended to restrict the true
scope of the invention. The power output will be inte-
grated as described above in integrator 151, Also, as

" before, the output of integrator 151 will be sampled

and held every 10 seconds by a sample and hold circuit

- 133. As indicated below block 151, its output voltage

335
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V, 1s equal to the average power P, times the time T},
1.e., the time from the begmmng of the period up to the
time the measurement is made, times a constant K,. A
second integrator 155, essentially identical to the inte-
grator 151, 1s also provided and has as its input a con-
stant voltage V equal to K,. Thus, as indicated on FIG.
6A, the output voltage of integrator 155, V, will equal
K, times T;.

The voltage outputs of integrators 155 and 151 are
fed to a divider 156 wherein the output of integrator
151 is divided by the output of integrator 155 to obtain
a voltage V; = P, X K¢ where K¢g= K,/K,. Any commer-
cial divider may be used and preferably will contain a
sample and hold circuit so that a sampled output in the
manner described below is provided. Alternatively a



 asean

- conventional divider module along with a separate

- sample and hold circuit may be used to output voltages
‘at 10 second intervals as required. N
An example of a type divider which may be used is

~shown on FIG. 6B. The output voltage of Integrator

155 1s used as an input to a voltage controlled oscillator

157 which will have a frequency output equal to its

Input voltage times a constant i.e., f equals ¥, times K.

The output of voltage controlled oscillator 157 is fed to

a counter 139 which produces an output after K,

counts. The output of counter 159 is fed as a reset Input
to a flip-flop circuit 161. In operation, tflip-flop 161 is

“set by the output of counter 113 of FIG. 3 (i.e., every

10 sec.). The %output of flip-flop 161 is fed as a reset
“nput to counter 159 and as long as the flip-flop is reset
and its Q output is a ““1,” counter 159 will be disabled
from counting. When the 10 second pulse sets flip-flop
161, counter 159 begins counting the output pulses

~from the voltage controlled oscillator 157. It continues

counting until it counts K, pulses at which time an out-
put from the counter resets flip-flop 161 which in turn

- resets the counter and prevents it from counting more

- pulses. The time for flip-flop 161 to set is 7, = K;/f.
‘That is, with a frequency output of f pulses per second,

1t will take T; seconds to reach K counts.

- The output of flip-flop 161 is used to control the
~input to an integrator 163 comprising amplifier 165
~ having a capacitor 167 and switch 169 in its feedback

~path. The input to integrator 163 is fed from sample

~and hold circuit 153 through a switch 171. When the

flip-flop 161 is set, switch 171 closes and switch 169
- opens to permit integrator 163 to begin integrating. It

- Integrates for the period T, at which time the outputs
~of flip-flop 161 are reset and its output opens switch

171 and closes switch 169 discharging capacitor 167 in
- - preparation for the: next integration period. An addi-

| ~~ tional sample and hold circuit 173 is provided having

; as its sampling input the Q output of flip-flop 161.

- Thus, during the integration period it samples the out-
- putofintegrator 163 and holds the value reached at the

end of the integration. The output voltage of integrator

- 163. Substituting for f we have: V, = P, T,
-~ (K;K3K,/ViKs) and then substituting for V we have: V,

‘where Kg = K,K3;K,/K,K5. Thus by adjusting the con-

- stants within the circuits an output voltage can be ob-
~ tained proportionaly to the average demand at the time
- the measurement is made. |

This voltage may then be converted to a pulse dura-
tion signal in the manner described above in connec-
~tion with FIG. 3 to facilitate transmission. It will then
be converted back to a voltage by a circuit such as that
- described above in connection with FIG. 5 as explained
above.

The voltage output of the second transducer 24 of
FIG. 2 can thus be a voltage representing the demand
averaged over either a 15 minute interval or the time
from the beginning of the interval to the time of the
measurement.

Either voltage may then be fed to a plurality of set

‘points within module 26, each set point representing a
- percentage of the permissible maximum demand. Thus
set point number 27 may represent 0.82 or 82 percent

- of the permissible demand. Similarly, set point 28 may
-represent 0.84 or 84 percent of the permissible de-
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- 163 is equal to: Vo=V, X T,. Substituting we have V=
Py T, (KKK, /) where K, is the constant of integrator

45

. = PA(TI- K2K3K4/T1K1K5) to end llp with V3 — PAKﬁ .
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'm_a_hd..'Thes_é"'Se't'poin'ts mdy increase at 0.02 intervals
up to 0.96 or 96 percent of the permissible demand.

Thus, load relay LR1 initially connected through logic
circuitry 35 to set point 27 will be disconnected from
the power bus when the power consumption of the SYS-
tem reaches 82 percent of the permissible demand for
the system. Further, each of the set points 27-34 may
be adjustable, for example, from 50-100 percent of the
permissible demand. o L -
Thus, in operation as each percentage increment up
to 96 percent (or the system limit) is reached, the load
relays LR1-LRS, for each of the loads 1 through 8, will
be progressively operated, disconnecting the respective
loads from the power supply. _
~Also connected to the logic circuitry 35 is a sequen-
tial programming- circuit mounted within the second
transducer 24. This timing sequence circuit connected
through line 31, switches the position of the load relays
LR1 through LR8 for example every 15 minutes. Thus
LR1 is connected to set point 27 during the first 15
minute interval and therefore is the load which will be
dropped first should the-demand reach 0.82 percent of
the peak demand. During the next 15 minute interval
LR1 will be switched for example to set point 29. -
Therefore during this interval LR1 has the highest pri- -
ority and remains connected to the power supply until
76 percent of the permissible demand is reached at
which point it too will be shed. That is, load relay 1 dur-
Ing the second time interval would not be disconnected
until 0.96 or 96 percent of the permissible demand has

been reached. Similarly, for each 15 minute interval

each relay is progressively and sequentially switched so
that at the end of the 2-hour period 1 will have prog-
ressed through the entire sequence of set points and re-

turn to the 0.82 set point. ' . R

One method of 'accomplishing'the_ séquénti;il"'_sﬁvit_ch- | B
ing and comparing logic means of FIG. 2 is shown on .

FIG. 7a. On FIG. 2 the system is shown as controlling

~ eight loads. It will be recognized that a smaller or larger

number of loads may be controlled as desired. In de-

scribing the logic of FIGS. 7A, 7B, and 7C only six
loads will be assumed to maintain simplicity. It will be

evident to those skilled in the art that the same princi-

ples may be readily applied to six, eight or for that mat-

ter any desired number of loads. The analog pulse out-
put from the second transducer 24, which, as noted
above, will be proportional to the time integral of the
power, is connected as one input to a plurality of com-
parators C1 through C6. Each of the comparators has
a second input from a potentiometer. Thus, compara-

tor C1 obtains its second input from a potentiometer

201, C2 obtains its second input from a potentiometer
203, C3 obtains its second input from a potentiometer
204, C4 obtains its second input from a potentiometer
205, CS obtains its second input from a potentiometer
206 and comparator Cé obtains its second input from
a potentiometer 207. Each of the potentiometers has

10 volts across it so that the input to the respective

comparators may be varied between zero and ten volts. .
As an example, settings running from 8.6 to 9.6 with
0.2 volts difference between each comparator are
shown in FIG. 7A. Each of the outputs from compara-
tor C1 through C6 are connected to six different relays
K1 through K6 of which K1 is shown in detail. The out-
put of comparator C1 is connected to the first input
contact of relay K1, the output of comparator C2 to the
second input contact and so on. For relay K2 the out-
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put of comparator C2 is provided to the first input.
contact, the output of comparator C3 to the second

and so on, with the output of comparator C1 provided
to the last contact. Similarly, K3 will have as its first
input the output of comparator C3 and as its last input

the output of comparator C2. Relays K4 through Ké

3,862,430
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line 221 is a diode 223 having its other end connected

3

will be wired in similar manner so that, by sequentially -

energizing the relays, the inputs from comparators C1
through Cé will appear on different outputs. Each of
the first output terminals of relays K1 through K6 are
connected together and fed through a relay drivers RD,
through RDg, which may be another relay or a power
transistor stage, wherein the relatively low power out-
put from the comparator is amplified to provide suffi-
cient power to drive the load relay LR1, while each of
the second outputs are connected tc)gether and fed to
load relay LR2 and so on. -

- The relay coils of relays K1 through K6 are energized

by outputs of a stepper switch indicated generally as:

209. Stepper switch 209, for the embodiment 1lus-
trated, will have six positions. Each time a 15 minute
pulse is received by the stepper switch its wiper 211 will
advance one position. The wiper is connected to a posi-
tife voltage of sufficient magnitude to energize the re-

lays. In the position shown, the wiper at terminal 213
- provides the energizing input to relay K6. Thus in this
position, the output of comparator C1 will be con-
nected to LR2, that of comparator C2 to LR3 and so

on with the output of comparator C6 coupled to LR1.

During each succeeding step of stepper 209, the se-

10
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quence will be changed so that for each 15 minute pe-

riod a different one of the load relays will be the first
load disconnected when the power demand exceeds the
0.86 value set at potentiometer 201. In operation, when
‘the analog pulse exceeds 0.86 i.e., exceeds 8.6 volts,

35

- comparator C1 will produce an output which will be -

connected through one of the relays K1 through K6 to

provide a pulse which will operate one of the relays

LR1-LR6 to which it is coupled, and drop that load
from the circuit. Similarly if the amplitude of the ana-
log pulse is greater than 8.8 volts comparator C2 will
- provide an output through one of the relays to cause a

B - second load to be dropped. The important thing to note

is that because of the sequencing, the load which is first
dropped i.e., when the 8.6 volt level is exceeded, and
the subsequent load to be dropped when the other pre-
set limits are exceeded, will be different for each suc-
ceeding 15 minute-period.

When In the averaged mode of operation with the
embodiment of FIG. 6, one or more of the comparators
C1-C6 may have its limit exceeded by the output signal
causing associated load relay or relays (LR1-LR6) to
be energized to drop the required loads. On a subse-
quent measurement the averaged output can drop
below the limit in which case the loads should be recon-
nected. However, it is possible that the DC output volt-
age ‘will vary around a set point and an oscillatory
switching in and out could occur. Thus means are pro-
vided to delay the deenergizing of the load relays in re-
sponse to the comparator output changing when a new
averaged value drops below a previous higher value.

An example of how this delay may be accomplished
i1s tllustrated in FIGS. 7D and 7E. In FIG. 7D the load
relay coil 220-is connected between an input line 221
from the logic circuits described above and ground. An
output from its assoctated comparator will energize the
relay coil 220 as described above. Also connected to
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through a set of relay contacts 224 to a capacitor 225

which has its other side grounded. Capacitor 225 is also

connected through an opposite set of contacts 226 to
a positive voltage. When the coil is de- -energized,

contacts 226 are closed and the capacitor charges.
Upon energization, contacts 226 open and contacts
224 close. The capacitor 225 remains charged since the
voltage on line 221 equals that at the capacitor. If the
voltage on line 221 now is removed in response to a
new measurement output, the capacitor voltage will
keep the relay from immediately de- -energizing. The
amount of delay may be adjusted knowing the hold-in
voltage of the relay, by varying the RC time constant
of capacitor 225 and coil 220.

The embodiment of FIG. 7E works in similar fashion

with the contacts 224 and 226 replaced by solid state

devices such as SCRs 228 and 230. With no input on
line 221, SCR 230 will be turned on by an output from
an inverter 232 having line 221 as an input and will per-
mit capacitor 225 to charge. SCR 228 will remain off

and the relay will not energize. An input on line 221

will energize the relay and will open SCR 228 and close
SCR 230. As in the previous embodiment, the capaci- |
tor will remain charged. If the voltage on line 221 is re-
moved, the capacitor 225 will hold the relay on in the
same manner as described above for a preset delay pe-
riod. |

When in the mode of operation 1llustrated by FIG. 3,

4 and 5, at the end of the measurement period the DC
voltage to the comparators is reset to zero as described

above. This will cause any of the load relays which were
energized during the previous measurement period to
be de-energized to reconnect their loads. The delay cir-
cuits described above may be used here also. In partic- -

ular, varied delays may be used in the different relays -

to avoid reconnectmg all at once to avmd a power .
surge. |

by solid state logic, an example of which is shown in

FIG. 7B. For each of the positions of stepper 209, a plu-
rality of AND gates are provided. These AND gates are
~ designated by the blocks 318, 313, 314, 315, 316 and |
‘317 of which the plurality of AND gates in block 318

1s shown in detail. In each of the gating blocks, each
AND gate in the block has as an enabling input one of
the outputs of stepper switch 209 of FIG. 7A. Thus as
shown, AND gates 307 through 312 all have as one
mput a voltage from the first position of stepper switch
209 1.e., the one which goes to K1 of FIG. 7A. As their

~ second input the gates have the respective outputs of

55

the comparators C1 through C6. Thus AND gate 307
has as its second input the output of comparator Cl,
AND gate 308, the output of comparator C2 and so on.
In the gating module 313 the first AND gate would

have as an input the output of comparator C2, the sec-
ond gate.the output of comparator C3 and so on with

- the sixth gate having the output of C1 as an input. Simi-

60

65

larly gates 314 through 317 would have successive
comparator outputs provided to their AND gates in the
same manner as mputs were provided to the relays of
FIG. 7A. The output of AND gate 307 and the output
of the first gate in each of the modules 313 through 317
are provided as inputs to an OR gate 301 which has its
output connected to load relay LR1. Similarly all the -
second gate outputs are connected to OR gate 302, all
the third gate outputs to OR gate 303 and so on. Thus,

The relay loglc of FIG. 7A can of course be replaced | -
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‘when a comparator provides 'anl output pulse when the

3,862,430

voltage set at its respective potentiometer is exceeded,

this pulse will be connected to one AND gate in each
of the gate modules 318, 313, 314, 315, 316 and 317.
- However, only one of the sets of gates will be enabled

by an output from stepper 209. Assume that an output

18 provided from comparator Cl indicating that the

- 0.86 demand limit has been exceeded. This output will
be provided to the first AND gate in block 318 1.e.,
AND gate 307, to the second AND gate in block 313,
to the third AND gate in block 314 and so on. Assume

- also that the stepper is at the first position. AND gate

-~ 317 will then be enabled and provide an output to OR

- gate 301 which will in turn provide an output to relay
LR1. If the stepper is in the position shown, i.e., the

10
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sixth position, the gates in block 317 will be enabled.

The output of comparator C1 will be connected to the
‘second gate in block 317 and thus an output to OR gate
302 will occur causing load relay LR2 to be dropped.
Thus, for each successive 15 minute period, the se-
quence in which the six loads are dropped will be
- changed. -

~ FIG. 7F shows in further detail a preferred embodi-

- small portion of the total system is shown for purposes
~of maintaining simplicity. As shown a buffer amplifier
~ 401 is provided between the input signal from line 25
- and the comparator C1. A line from this buffer ampli-

tfier is similarly provided to the other comparators as

- -indicated. In addition, to avoid loading of the compara-

~ tors, a buffer amplifier 403 is provided at their outputs.
- In place of the AND gates of FIG. 7B semiconductor

| . switches ‘may be used. Particularly useful are FET
- switches which will have their source tied to the ampli-

- fier output, their drain to a respective relay driver and

20
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their gate to the stepper switch output. Thus, there is

- shown on FIG. 7F two FET switches 405 connected to
_the output of the amplifier 403, only two switches are

g shown for purposes of simplicity. In the embodiment
- each of the comparators C1-Cé6 will have FET switches
- 405 connected to the output of its associated amplifier

403 which in turn are connected to the respective relay
drivers. Each of the relay drivers will have, as indicated
- by the lines tied together, inputs from an assoicated

FET for each of the 6 comparators. i.e., in essence each
of the AND gates of FIG. 7B is replaced by a FET

~ switch with the gate signal input providing the enabling

~input, and the source Input, the signal input. The OR
gates shown on FIG. 7B are replaced by hard wiring as
shown on FIG. 7F.

‘A further embodiment of the sequential logic 1S
‘shown in FIG. 7C. In this embodiment a stepper switch
‘with six separate sets of contacts A through F and six
wipers is provided. The wipers are arranged so that
when wiper 211 is in the 1 position, wiper 213 will be
1in the 2 position, wiper 214 in the 3 posttion, wiper 215
in the 4 position, wiper 216 in the § position and wiper
217 in the 6 position. The output of comparator C1 is
tied to all of the 1 positions on the six sets of contacts,
- the output of comparatos C2 to all of the 2 positions,
- and so on. The wiper 211 is coupled to LR1, the wiper
213 to LR2, and so on. Thus, in the position shown,
- comparator C1 will be connected to operate LR1, com-
parator C2 to operate LR2, and so on. When a drive
pulse is received advancing the stepper switch, each of
the wipers will advance one step so that the ouput of
comparator C2 is connected to the relay LR1, that of
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_ 12 . _
C3 to the relay LR2 and so on with C1 connected to the
load relay LR6. Thus, with each step of the stepper
switch the sequence in which loads are dropped will be
changed. o | o

Thus, by the operation of the demand limiting system
described herein, a multiple load, power consuming in-
stallation can be provided in which the power con-
sumption of the system is held below the maximum per-
missible demand selected for the system. By this inven-
tion a programmed shedding of the loads is always pro-
vided through a plurality of adjustable set points to in-
sure that the maximum permissible demand is never ex-
ceeded. Further through the sequential changing of the
various loads, each load in the system is switched
through each of the set points so that over a predeter-
mined period of time no one load will be continuously
disconnected at the same power demand point. By the
apparatus and method of this invention, therefore, each
load over the predetermined time period shares equally
In the possibility of disconnection from the power sup-
ply. Further, through the adjustability of the set points
the conditions for connecting and disconnecting each
load from the power source may be varied within the
parameters required for any installation. B

Thus, by my invention it is possible to determine the
power demand within a demand period and utilize this
determinatioon to provide load shedding without deter-
mining in advance the priority of each of the respective
loads. The determination of whether or not each load
Is to remain connected is done during a given demand

period in which loads disconnected, if required, during

the prior demand period will have a greater opportu-
nity to remain connected during the given demand pe-
riod. S

In the foregoing, the invention has been described in

-reference to specific exemplary embodiments. It will be

evident, however, that variations and modifications, as
well as the substitution of equivalent constructions and
arrangements for those shown for illustration, may be
made without departing from the-broader scope and
spirit of the invention as set forth in the appended
claims. The specification and drawings are accordingly
to be regarded in an illustrative rather than in a restric- -
tive sense. T o
What is claimed is: - |
1. An electrical demand limiting system for imiting
the load demand of multiple loads during a demand pe-
riod, the demand period being a period of time over
which power demand is measured for billing purposes,
comprising: - - | | -
means, responsive to the power consumption of the
loads for producing an output signal proportional
to an integrated power demand of the loads during
the demand period; |
means, responsive to said output signal, for dis-
conecting said loads from the power system when
the power demand exceeds predetermined adjust-
able percentages of the permissible demand limit,
said means including means for presetting a plural-
ity of predetermined adjustable percentage set
points; and | ' |
means coupling the loads to the predetermined ad-
justable percentage set points for sequentially
switching, over a predetermined time period, each
of the loads to each of the predetermined adjust-
able percentage set points.
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2. An electrical demand l'imi.tingeystem as in claim -

1 wherein the means for producing an output signal
proportlonal to the mtegrated electrical power demand
comprises -

means for centmueusly measuring the instantaneous

power demand over a predetermined time period;
and means, responsive to the measured power de-
mand, for producing an output signal proportional
to the integrated power demand over the predeter-
mined time period.

3. An electrical demand limiting system as in claim

- 2 wherein the means for disconnecting said loads com-
prises a plurality of adjustable comparison means re-
sponsive to the output signal proportional to the inte-
grated power demand, each of said comparison means
comparing integrated power demand with the adjust-
~ able percentage of the power demand limit, each com-
parison means producing an output signal when the in-
tegrated power demand exceeds its associated adjust-
able percentage of the power demand; and means re-
sponsive to the output of each comparison means for
disconnecting at least one load when the integrated
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power demand exceeds its assoc1ated predetermined

adjustable set point. .

4. An electrical demand limiting system as in claim
3 wherein the output signal proportional to the inte-
grated power demand comprises an electrical signal
~whose ‘magnitude is proportional to the integrated
power demand, the signal being compared in each of

the comparison means to .individual adjustable signals:

each proportional to a percentage of the integrated

25

30

power demand and each of the loads being connected -

to the output of one of the comparlson means through
a disconnect means responsive to the output of its asso-
ciated comparison means to disconnect a load when

the mtegrated power demand exceeds its adjustable sig-

nal. | L |
- 5. An electrlcal demand limiting system as in claim
4 wherein the means for sequentially switching the
‘loads comprises means for periodically producing an
output signal after a predetermined time interval; and
switching means, responsive to the periodic signal, for
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sequentially switching each multiple load to a different

comparison means in response to the periodic signal.
6. An electrical demand limiting system as in c¢laim
S wherein said switching means comprises:
means providing a plurality of sequential outputs
such that only one 1s present at one time in re-
sponse to said periodic signal; and

son means and responsive to said plurality of se-
quential outputs to connect its inputs to different
outputs in response to each of said sequential out-
puts.

7. An electrical demand limiting system as in claim
6 wherein said means providing a plurality of sequential
outpus comprises a stepper switch. |

8. The invention according to claim 6 wherein said
~means for providing a plurality of outputs comprises a
stepper switch and said means having as inputs the out-
put of said comparison means comprise a pluralty of
semi-conductor switches.

9. An electrical demand limiting system for limiting
the load demand cf multiple loads during a demand pe-
riod comprising:

a power transducer, responsive to the power con-

sumption of the loads, for producing a continuous

45

means having as inputs the outputs of said compari- S0
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- signal prepcrtlonal to the mstantaneom power de-
mand of the loads; |

' means, responsive to the contmuous signal, to peri-
odically produce a pulse output signal having a
time duration proportional to an integrated power

demand of the loads during a predetermined time
interval;

means, responsive to the pulse output slgnal for pern-
odically producing a voltage signal proportional to
the integrated power demand of the loads during
the predetermined time interval;

“means producing a plurality of output signals, each of
sald signals proportional to a predetermined vari-
able percentage of the permissible power demand;

a plurality of means for comparing the voltage signal
proportional to the integrated power demand with
~ the plurality of signals proportional to a predeter-
‘mined variable percentage of the permissible
power demand, each of said comparing means pro-
ducing an output signal when the integrated power
demand exceeds its associated predetermined per-
centage of the power demand;

~ a plurality of means, responsive to the output signals
of saild comparing means, for dlsconnectmg the
loads; and o |

means, coupling the comparmg means to the discon- -
necting means, for sequentially connecting over a
predetermined time period the outputs of each of
‘the comparing means to the input of each of the
disconnecting means so that each load over a given

time period is progressively connected to each of ]
the comparing means. ~

10. An electrical demand hmmng syqtem as in clalm
9 wherein the means to preduce a pulse output SIgnal
comprises: S | -
an integrator for integrating the 51gnal proportlenal
~ to the instantaneous power demand OVEr a prede-
termined time period; -' | |
means for generatmg periodic tlmmg mgnals |
means, responsive to the timing signals, for penodl* -
cally sampling and holding the mtegral of the m- |
stantaneous power demand; and | .
means, having as an input the eutput of the eample
~and hold means and responsive to the timing sig- |
nals, for generating the pulse output signal, the du-
ration of which is proportional to the magnitude of
the integrated power demand occurring from the
beginning of the predetermined time penod up to
the time of the sampling. .
11. An electrical demand limiting system as In claim’
9 wherein the means for producing a voltage signal pro-
portional to the integrated power demand, comprises:
an integration means, responsive to the pulse cutpm
signal, having its operating period controlled by the
duration of said pulse output signal; o
a sample and hold means coupled to the output of the
~ integration means, for sampling and holding the
output of the integration means, said sample and
hold means providing an output proportional to the
output of said integration means at the time of sam-
pling; and
means, responsive to the termination of said pulse
output signal for causing said sample and hold
means to sample said intergration means to pro-
duce the voltage signal proportional to the inte-
grated power demand of the loads during the pre-
determined time interval.
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12, An electrical demand limiting system for limiting
‘the load demand of multiple loads during a demand pe-
riod comprising: - S
means, responsive to the power consumption of the
loads, for producing an output signal proportional
to the averaged electrical power demand of the
loads from the beginning of the demand period;
means providing predetermined adjustable percent-
age set points of the demand; o |
- means, responsive to the averaged electrical power
demand signal, for disconnecting loads when the
power demand exceeds the predetermined adjust-
able percentage set points; and |
- means, coupling the loads to the predetermined ad-
- Justable percentage set points, for sequentially
- switching, over a predetermined time period, each
| of the loads to each of the predetermined adjust-
- able percentage set points. - |
13, An electrical demand limiting system as in claim
12 and furthr including means for reconnecting said

loads when the averaged electrical power demand

_ drops below said predetermined adjustable percentage
~set points. - |
~14. An electrical demand limiting system as in claim

e 12 wherein the means for producing an output signal

- proportional to the averaged electrical power demand
~ comprises: o .

- means for measuring the integral of the instantaneous
- power demand from the beginning of the demand

~period and for providing an output proportional

. thereto; .
- means for developing a signal proportional to the

~ time from the beginning of the demand period; and
- means for dividing said output proportional to the in-

- tegral of the instantaneous power demand by said

signal proportional to the time to obtain an output

~~ signal proportional to said averaged ‘power de-

7 mand. - . o
15, An electrical demand limiting system as in claim

14 wherein said means for providing an output propor- |

‘tional to said integral of the instantaneous power de-
- mand comprises: |

a power transducer for producing a continuous DC

~-signal proportional to the instantaneous power de-
- mand of the loads; and | - |
a first integrator having said DC signal as an Input
- and providing an output which is the integral of the
- instantaneous power demand; -
and wherein said means for developing a signal pro-
portional to time comprises a second integrator
having a constant DC voltage as its input and pro-
viding an output voltage.
16. An electrical demand limiting system as in claim
13 wherein said means to divide comprises:
- a third integrator;
means to convert the output of said second integrator
~ to a timed pulse of a length inversely proportional
to the output voltage of said second integrator; and
~ means responsive to said timed pulse to couple the
output of said first integrator to the input of said
~ third integrator for the duration of said pulse.
~17. An electrical demand limiting system as in claim
16 wherein said means to convert said second integra-
- tor output comprises:
a voltage controlled oscillator having the output of
- said second integrator as an input and providing as

3,862,430
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_ 16 -
an output a frequency proportional to its input
voltage, -~~~ -

a digital counter of predetermined modulus having

the output of said oscillator as a count input; -
a bistable device having complementary Q and Q
outputs and having at least a set and a reset input
with its Q output coupled to hold said counter reset
when said bistable device is reset and the reset
input of the device coupled to the output of said
counter with the Q output of said device providing
sald timed pulse; and . S |

means coupled to the set input of said bistable device
to mitiate a division by setting said device.

18. An electrical demand limiting system as in claim
1’7 wherein said first integrator, has its output coupled
through a first sample and hold circuit adapted to sam-
ple and hold the output of said first integrator in re- -
sponse to the setting of said bistable device and
wherein a second sample and hold circuit is coupled to
the output of said third integrator, said second sample

present at said third integrator at the end of said timed
pulse and further including means to reset said third in-
tegrator at the end of said timed pulse.

19. Apparatus for providing a pulse duration siganl
proportional to an integrated power demand of a load
comprising: S L

a. means responsive to the power consumption of the

load for continuously measuring the power demand.

_ over a time period; ..

b. means responsive to the measured power demand

- for producing an output signal the -magnitude of

which is proportional to integrated power demand
over the time period; and o
C. means converting said output signal to a pulse out-
put signal having a time duration proportional to .
the integrated power demand over the time period.
20. The invention according to claim 19 in combina-

‘tion with means to transmit said pulse output signal to
a remote location. o

21. The invention according to claim 20 in conibina- |
tion with means for receiving said pulse output signal
and converting said signal to.a voltage proportional to.
said integrated power demand. e

22. The invention according to claim 21 wherein said
means for receiving said pulse output signal and con-
verting said signal to a voltage proportional to said inte-
grated power demand is comprised of: | |

an integration means, responsive to the pulse output

signal, having its operating period controlled by the

- duration of said pulse output signal; |

‘a sample and hold means coupled to the output of the
integration: means, for sampling and holding the
output of the integration means, said sample and
hold means providing an output proportional to the
output of said integration means at the time of sam
pling; and - |

means, responsive to the termination of said pulse
output signal for causing said sample and hold
means to sample said integrating means to produce
the voltage signal proportional to the integrated
power demand of the loads during the predeter-
mined time interval.

23. The invention according to claim 19 wherein the

means for producing an output signal the magnitdue of
which is proportional to the integrated power demand
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over the time. penod and convertmg satd output 31gnal
to a pulse signal comprises: ' |

3,862,430

an integrator for integrating the measured power de-

mand, the integrator being controlled to integrate.

‘the measured power demand durmg a predeter-
- mined time period; |

means, for generatmg permdle timing signals;

means, responsive to the timing signals, for periodi-
cally sampling and holding the integral of the mea-
sured power demand; and

means, having as an input the output of the sample

and hold means and responsive to the timing sig-

nals, for generating a pulse signal, the duration of

‘which is proportional to the magmtude of the inte-
grated power demand occurring from the begin-
ning of the predetermined time period up to the
time of the sampling.

5
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. 18
from the beginning of the demand period; and

-d. means d1v1dmg said signal proportional to the inte-
gral of the instantaneous power demand by said Slg—
nal proportional to the time to obtain an output sig-
nal proportional to said average power demand.

25. The invention according to claim 24 and further

including means for converting said signal proportional

to the average power demand to a pulse duration sig-
nal.

26. The invention according to claim 25 in combina-

- tion with means to transmit said pulse duration ugnal'

15

24. Means for developing an output signal which is

proportional to the average electrical power demand of

a load comprising: -
‘a. a power transducer responswe to power consump-—
tion of 'the load for producing a continuous signal

preportmnal to the instantaneous power demand of

- the load;

b. means for computing the integral of the instanta-

- neous power demand from the beginning of a de-
‘mand period and providing an output signal pro-
portlonal thereto;

~¢. means developing a 31gnal proportional to the time

20
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to a remote location.

27. The invention according to claim 25 further com-
prising: | |
means prowdmg predetermined adjustable set points; |
a plurahty of loads; | |
means, responsive to said pulse duration signal, for

disconnecting a load when the power demand ex-

ceeds said predetermined adjustable set points,

said set points representing predetermined adjust- .

~ able percentages of the demand. |

28. The invention according to claim 27 and further
including means for sequentially switching over a pre-
determined time period each of the loads to each of the
predetermined adjustable set points. |

29. The invention aceordmg to claim 23 in combina-
tion with means to receive said pulse duration signal

and convert said signal to a voltage.
* ok ok ok K
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